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The 1990 Clean Air Act Amendments require states with 03
nonattainnient areas to adopt regulations to enforce reasonable
available control technologies (RACT) for N0~stationary sources
by November 1992. However, if the states can demonstrate that
such measures will have an adverse effect on air quality, N0~
requirements may be waived. To assist the states in making this
decision, the U.S. EPA is attempting to develop guidelines for
the states to use in deciding whether NO~reductions will have a
positive or negative impact on 03 air quality. Although NO~is a
precursor of 03~at lowVOC/NO~ratios, the reduction of N0~can
result in increased_peak 03. EPA is examining existing informa-
tion on VOC/N0~ratios to develop “rules of thumb” to guide the
states in their decision-making process. An examination of 6
a.m. to 9a.m. V0C/N0~ratios at a number of sites in the eastern
U.S. indicates that the ratio is highly variable from day-to-day
and there is no apparent relationship between ratios measured,
at different sites within the same area. In addition, statistical
analysis failed to identify significant relationships between the 6
a.m. to 9 a.nt. VOC/NOX ratio and the maximum 1-hr. 03 within a
given area. Since we know from smog chamber and modeling
studies that such a relationship exists, this further invalidates
the assumption that a ratio measured at a single site is represen-
tative of the ratio for the entire region. Based on this information,
we conclude that having the 6 a.m. to 9 a.m. ambient VOC/NOX
ratio for a given area is insufficient information, by itself, to
decide whether a ‘1CC-alone, a Noralone, or a combined
VOC-N0~reduotion strategy is a viable or optimum 03-reduction
strategy.

Threedecadesof researchhaveclearly demonstratedthat
volatile organiccompounds(ITOCs), nitrogenoxides(N0~)
andsunlightareneededto producethehighconcentrations
of ozone(03) observedin manyareasoftheU.S duringthe
warmerpartof theyear.tThis researchhasalsoshownthat
the O~formation processis extremelynonlinear,and that
undercertainconditions(low VOC1’NOx ratios), additional
NO will destroy0.3 rather than contribute to its forma-
tion.1~In addition, at low ratios, NOx (NO and NO2)
scavengesfree radicaWthatotherwisewould havereacted
with VOCsto eventuallyproduce03. This behaviorof NOx
in reducing03 is knownasthe“NOx inhibition effect.”

In formulating the 1990 CleanAir Act Amendments,
Congressrecojnizedthe“N0.~inhibition effect.” For all 03
nonattainmentareas,theAmendmentsrequireth~states
to submit to the U.S. EnvironmentalProtectionAgency
(EPA) their N0~“reasonableavailablecontroltechnology”

• (RACT) and“new sourcereview” (NER) rulesby Novent-
ber 1992,unlessthe“net air quality benefitsaregreaterin
the absenceof reductionsof oxides of nitrogen from the
sourcesconcerned.”7TheAmendmentsalsodirect EPAto
issue guidelinesto the statesby November1991 to help
themdeterminewhetherNO~reductionswill haveanetair
quality benefitor disbenefit. (As of this writing, the EPA
guidelineshavenot beendeveloped).Given theNovember
1992 deadlinefor rule submission,thestateswill haveto
decidewhetheror not to adopttheNO~rules sometimein
early 1992 unlesssome meansto allow them additional
time to investigatethis issueis found.Asaresult,theymay
have to make the decision without having the time to
employ thebestavailablescientific tool, a photochemical
grid model. The serious, severe, and extremenonattain-
ment areasarerequiredto run the grid models,but the
results arenot requireduntil their November1994 State
ImplementationPlan(SIP)submittals.5

Previously,EPArecommendedthatareaswithaB a.m. to
9 am. VOC/NOx ratio of 10:1 (10 ppb carbonper 1 ppb
NO~)or greaterconsiderNO~reductions,while areaswith a
lower ratio employ VOC reductionsalone.3(It should be
noted that existing strategieshaveactually beena com,
binedVOC-NO~reductionstrategy,not aVOC-alonestrat-
egy becauseof theNO~emission reductionsmandatedby
the federal and California statemotor vehicle emission
programs.From 1980 to 1989,NO~emissionsfrom high-
way vehicles nationwide decreased25 percent, but total
NOx emissionsdeclinedjust 5 percentasstationarysource
emissionshaveincreased.)The basisfor this recommenda-
tion canbeseenby examiningatypical03 isoplethdiagram
shownin Figure 1. The first regionin theupper left is the
NOx-inhibition region. In this region, a decreasein NOx
aloneresultsin an increasein 03, but a decreasein VOC
(labeledhydrocarbonsin Figure1) decreases03. Theregion
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Implications

The1990 CleanAir ActAmendmentsrequirethatozone
nonattainmentareasadoptregulationsto reducestation-
ary-sourceNO~emissionsunlessit canbedemonstrated
thattheimplementationof suchregulationswould have
adeleteriouseffecton air quality. WhetherN0~emis-
sion reductionswill haveabenefitor disbenefiton O~air
qualitydependslargelyon thelocal VOC N05 ratio,and
it wasthehopethat decisionsto adopt(or not to adopt)
NOrrules couldbebasedon existingVOC/N0~ambient
air data.However,theanalysispresentedhereindicates
thatexistingVOC/NOxambientdataarenot adequate
to useas abasis for makingthis decision. a is recom-
mendedthatastate-of-the-artphotochemicalgridmodel
beusedto detenninetheappropriatestrate~’.
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TableI. Samplingsites.
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Figure 1. Typical 0, iscolein diagram showing the three
chemical regimes. The 6 am, to ga-rn- NO, ooncantrattcns are
plotted on the y-axis and the S a-rn- to 9 am. vcc )taoeted
hydrocarbon) concentration is plotted on the x-axiS. Ozone
concentrations increase with ncreasing cistance from the
origin in the knee region.

at the bottom rigiit is the VOC saturationregion where
reducingVOCshasno effecton the03.Ontheotherhand,a
reductionin NO~in this regionresultsin lower 03. In the
middleis thekneeregion,wherereductionsin eitherreduce
03. A ratio of 10:1 is usually nearthe centerof the knee.
The upperand lower boundariesof the knee region will
varyfrom day-to-dayandfrom place-to-placeasits location
is a function of the reactivity of the VOC mix and the
sunlight intensity. Largeurbanareasin northernpartsof
the U.S. typically haveratios less than 10 while smaller
cities andsuburbanareas,aswell ascities in thesouthern
U.S.. typically havehigherratios.~However, in orderto use
a measured6 a.m. to 9 a.m. ratio to makecontrol strategy
decisions,it mustbe assumedthat: (U themeanor median
measuredratio adequatelycharacterizesthe ratio for the
highest03 days, (2) the afternoon03 maximumis depen-
dentuponthemorningratio in thesourcearea.and(3) the
spatial variability of the ratio within the sourceareais
small.

The purposeof this reportis to examineexisting6a.m.to
9 a.rn.VOC/NOX ratio datato seeif theseassumptionsare
valid. Specifically, the following questionsare addressed:
(1) What is the distributionof ratiosat agivensite?(2) Are
the ratiosmuch different on high 03 daysascomparedto
low 03 days? (3) Are there any statistical relationships
betweentheafternoon maximum03 and the 6 a.m. to 9
a.m. ratio in the sourcearea?and, (4) How does the ratio
varyspatiallywithin agivenurbanarea?

Site Years Comments

Philadelphia 84. 86 urban
Cleveland 85, 88 urban
St.Louis 85,87—88 urban
Baltimore 86 urban
Atlantal 84. 87 urban
.Atlanta2 87 urban(Decatur,GA)
NN1 88 urban(Newark,NJ)
NNJ2 88 suburban(Plainfleid,NJ)
NYC1 88 urban(Manhattan
NYC2 88 urban(roofof theWorld

TradeCenter)

The6a.m.to 9a.m.VOC/NOx datawerepairedwith the
1-hourmaximum afternoon0~concentrationat thesame
site if it was available.If it wasnot available,an 03 site
which wastypically downwindwas chosen.The choiceof
the03 sitewasnot consideredto becriticalfor this analysis
becausewithin a given urbanarea,intersiteafternoon03
maximaarehighly correlated.’6-’7

Selection of Sites

A numberof cities in the easternhalf of the U.S. were
included in this analysis. The sites chosenare shown in
TableI alongwith theyearsin whichdatawereavailable.

Data Editing

Sincebackground03 is normallybetween30 apd50ppb.
any daywith a 1-hour03 maximumof lessthati 30 ppb is
suspect,andhencewaseliminated.Likewise,VOC and’NO~
concentrationsless than 100 ppb and5 ppb respectively
wereeliminatedbecausetheyaretoo closeto thenoiselevel
of the analyticalmethodology,andfor NON, positiveinter-
ferencesare likely to be significant at theselevels. Alter
these editing changeswere made to the data base, the
VOC/N0~distributions were visually examinedunex-
plained high-endoutliers were found to exist in the St.
Louis dataset.For St. Louis, therewere 173 observations
with a ratio lessthan 21. andfive with a ratio between30
and56. Noneof thesehigh ratio dayshad03 above80ppb.
Sincecontaminationcannotbe ruled out, and sincethese
outlierswould haveasignificantimpacton certainstatistics
(i.e., meansandcorrelations),theywereeliminated.

Results

Methodology

EPA Data Base

MeasurementsofVOCsarenot routinelymadeaspartof
any of thepermanentair monitoringnetworksbecauseof
the labor-intensivenature of the sampling and analysis
methodologies.However, in 1984, EPA began a VOC-
samplingpro~amin a numberof cities aroundthe U.S.9

EachsummerEPA choosesapproximatelya dozencities
andcollectsthe6a.m.to 9a.m.ambientair on weekdaysfor
several weeks. The samplesare analyzedfor individual
volatile organiccompoundswhich aresummedto obtain
the total VOC concentration.t0Sincethe programis still
continuing, many cities have data for more than one
summer.At mostof thesites concurrentNOx dataarealso
available,andthe ratiosat thesesites havebeensumma-
rized by Baugues.”-’3If concurrentVOC and N0~data
werenot availablefrom thesamesite,thesitewasnot used
in this analysis.We accessedthesedata as well as the 03
datafrom theAIRS database14andfrom Bauguesjo

Summary Statistics

The means,standarddeviations,mediansandrangesof
the ratiosaresummarizedin TableII. It is apparentfrom
the large valuesof the standarddeviationsthat there is
considerablevariability in the ratio. This becomeseven
more obviouswhenthe frequencydistribution diagramsof

TableIL Summarystatistics.

Site
V0C/N0~

N Mean Std.Dev. Median Max. Mm.

Philadelphia 79 7~7 8.9 5.4 57.5 1.7
Cleveland 132 7.4 2.5 7.0 17.5 2.2
St Louis 178 9.9 3.3 9.7 20.6 1.3
Baltimore 65 5.5 3.4 6.1 .16.0 0.7
Atlantal 110 10.2 5.0 9.2 27.0 2.8
Atlanta2 76 94 4.7 7.9 28.7 3.9
NNJ1 77 7.7 2.3 7.3 16.2 3.0
NNJ2 78’ 10.8 3.1 10.0 20.3 5.7
N’YCI 67 9.2 41 8.6 24.3 3,5
NYC2 25 14.8 12.8 11.4 53.2 2.2

Nyoraccrtsrs
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Figure 2. VOC/NO, distribution atAtlanta2.

theratiosareviewed.The shapeof thefrequencydistribu-
tionsaresimilar from site-to-site.A typicaloneis shownfor
Atlanta2in Figure2. Fordistributionsthatarethisskewed,
themedianvalueis abettermeasurethanthemeanfor the
“most-likely-value” of the ratio. Consequently,our discus-
sionswill focuson themedians.

Themediansat all sitesexceptNNJ2 (Plainfield,N0
T) and

NYC2 (theroofoftheWorld TradeCenter)arelessthan10.
Following EPA’s previousguidelines, this would indicate
thatVOC reductionstrategiesalone would bethe recom-
mendedpolicy for all sites exceptthesetwo.3 This applies
evento Atlantawhereastrongcasehasrecentlybeenmade
for a NOx reduction strategy.19However, given thewide
dispersionof the ratio, the representativenessof the me-
dianratio,especiallyon high03 days,is of concern.

It is not surprising that the median ratios are greater
than 10 in Plainfield andon top of theWorldTradeCenter.
Plainfield is a suburbanarealocatedabout30 km upwind
(to thesouthwest)of heavilyurbanizedNewark.Suburban
areastend to havehigher ratiosthanurbanareasbecause
suburbanareasusually havea higher fraction of biogenic
VOCs,andtheytend to experienceamore“aged” air mass.
An “aged” air masswill havea higher ratio than fresh
emissions becausethe N0~reactsmore quickly than the
bulk of theVOCs. Consequently,the NOx is depletedmore
rapidly thantheVOCs. Becausethe monitors on top of the
WorldTradeCenterarelocatedapproximately305m above
streetlevel, theair that is sampledis usuallypartially-aged
emissionsfrom upwind New Jersey,rather than fresh
ground-levelemissionsfromManhattan.

TableIII. Effectofozoneon theratio.

Site
All
obs.

MedianV0C/NO~
High ~ Low 03

Philadelphia 5.4 7.1* 5.0
Cleveland 7.0 9.0” 6.8
St- Louis 9.7 10.4*~ 94
Baltimore 6.1 6.5 5.8
Atlanta! 9.2 9.7 9.1
Atlanta2 7.9 7.9 8.1
NNJ1 7.3 8.0 6.9
NNJ2 10.0 11.9” 9.6
NYC1 8.6 10.5” 7.9
NYC2 11.4 18.3 9.7

High 03 daysaredefinedas thosedayswith the 1-hour
daily maximum in the upperquartile of observations.The
75th percentilesare:Philadelphia—90ppb: Cleveland—73
ppb; St.Louis—73 ppb; Baltimore—92ppb: Atlantal—128
ppb; Atlanta2—128ppb; NNJ1—99 ppb; NNJ2—87ppb;
NYC1—70ppb; N’YC2—110ppb.
** High 03 medianratio is significantly higherthanlow 03
medianatp sOlO.
* Sameas** exceptat p 5 0.20.

betweenthe 6 a.m.to 9a.m.
VOC/NOx ratio andthe 1-hr.
maximum03.

Site Correiation

Philadelphia 0.12
Cleveland 0.16”
St. Louis 0.03
Baltimore 0.03
Atlantal 0.07
Atlanta2 —0.08
NNJ1 0.17
NNJ2 0.20~
NYC1 0.06
NYC2 0.09

Significantat p 0.05.
* Significantatp� 0.10.

High 03 Versus Low 03 Days

The ratios, stratified into high and low 03 days, are
summarizedin Table III. A high 03 day for agivensite is
definedasa daywith the 1-hourmaximum03 concentra-
tion in theupperquartileof observationsfor thatsite. The
75th percentilesfor eachsitearegivenin thefirst footnote
to TableIII. All otherdaysare classifiedaslow 03days.The
medianscan be comparedusing thetwo-sampleWilcoxon
RankSumtest,18which is anonparametricprocedurethat
tests whether or not there is a differencebetweenthe
centrallocationparameters(themedianin this case)of two
independentsamples.The medianratios on high 03 days
arehigher at nine of theten sites,andthedifferencesare
statisticallysignificant(dependingon thesignificancelevel
chosen)at only 4 or 5 of the sites.Also, the correlations
betweenthe ratio and the 1-hr. maximum 03 concentra-
tions (summarizedin Table P7) are, at best,weak. The
highestcorrelationis only 0.20at theNNJ2 site,andonly
thecorrelationsat NNJ2and Clevelandaresignificantatp
(significancelevel) s 0.10. At all othersitesthecorrelation
coefficients werelower, andnoneevencamecloseto being
significantat this level. Visual examinationof scatterplots
of 03 versustheratio failed to provide anycluesas to why
there was no relationship. Consequently,although the
medianratiostendto beslightly higherfor thehigh 03 days
at most sites,the statistical relationshipsarenot strong
enough to developreliablequantitativerelationships..

At someof thesites, a somewhatstrongerrelationship
appearsto exist betweenthe 1-hr. maximum03 andthe 6
a.m. to 9 a.m. concentrationsof precursors.The data in
TableV showthat themedianvaluesfor VOCsarehigherat
all sites onthehigh 03 days,andthedifferenceis significant
atsevenof thesites.N0~is alsohigherat mostof the sites
aswell, andthis differenceis significantat six of the sites.
In addition,significantcorrelationsexist betweenthepre-

TableV. 6 am, to 9 a.m.medianVOC andN0~concentrations.

Site

VOC (ppb) NOx (ppb)

High 03 Low 03 High 03 Low 03

Philadelphia
Cleveland
St-Louis
Baltimore
Atlanta!
Atlanta2
NNJ1
NNJ2
NYC1
NYC2

574** 314
1031” 770
712” 519
653” 532
729 600
505 380
917” 579
640” 394
919” 607
469 178

53** 62
121*~~ 116
73** 55
92 92
65 64
56 49

131” 79
60” 42
94” 70
20 16

“ High ozone median concentrationis significantly higherthan
low 03 medianatp £0.10.

**

- Number of Occurrences Table XV. Cot-relation coefficients
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Table VI. Correlationcoefficientsbetweenthe 1-hr maximum
O~andthe6 am. to 9 n.m. VOC andNO.( concentrations.

CorreiationCoefficients

Site VOC-0
3

N0~-0
3

VOC-?~O~

Philadeiphia 0.14 0.27” 0.47”
Cleveland 0.48” 0.34” 0.79”
St. Louis 0.27” 0.26” 0.46”
Baltimore 0.11 —0.001 —0.10
Atlantal 0.24” 0.12 0.78”
Atlanta2 0.25’ 0.20” 0.79”
NNJ1 0.52” 0.43” 0.91”
NNJ2 0.26” 0.26” 0.89”
NYC1 0.34” 0.34” 0.73”
NYC2 0.36” 0.15 0.65”

** Significant atp � 0.05.
* Significant atp 50.10.

cursorsthemselves,as well as with 03, at all of the sites
except Baltimore (Table VI). This apparentrelationship
betweenhigh afternoon0~andhigh concentrationsof 6
a.m. to 9 a.m.precursorsdoesnot prove causeandeffect,
however. Previousstudiest,20,2lin the eastern13,5. have
shownthat high afternoon03 concentrationsare usually
associatedwith poormorningmixing conditions(low wind
speeds).Such conditionswould also be conducivefor the
accumulation of morning emissionsincluding VOCs and
NOx. This is further supportedby the data in Table VI
whichshowmuchstrongercorrelationsbetweenthemorn-
ing N0~and VOCs than with either precursorand the
afternoon 03.

Spatial Relationships

The relationshipsamongthepollutants andthe ratio at
the three pairedsites are quite different. In Atlanta, one
site is in downtown(Atlantal) while theotheris about7km
east of downtown Atlanta in urban Decatur (Atlanta2).
Sincethereis acontinuousurbancorridorbetweenAtlanta
andDecatur,similar V0C/N0,~ratioswould not be unex-
pected.The datain Table II indicatethat, on the average,
the ratio at Atlantal is lessthan one unit higher than at
Atlanta2, andthis differenceis not significantat p 5 0.10.
Comparisonsof the mediansundera variety of conditions
given in Table III showthat the mediansin Atlanta are
always within two units of eachother.A somewhatdiffer-
ent pictureis presentedin Table VII, however.Although
significant intersitecorrelationsexist for VOC, N0~,and
especiallyfor 03, theweakintersitecorrelationfor theratio
is not significant.

For theNNJ sites,the NNJ2 (Plainfield) site is 30 km
upwind (ontheprevailingSWwind)0fNNJL (Newark),and.
betweenthe two sites there is about 20 km of suburban
landscape.Consequently,asomewhathigherratiowouldbe
expectedin NNJ2, andthis is whatis observedin TablesII
andIII. Themedianratio at NNJ2is significantly higherat
p � 0.05.Despitethe30kmdistancebetweenthesites,the
intersite correlationsfor VOC, NOx, andin particular for
03, areexcellent,but thecorrelationfor theratios is poor
(TableVII).

The medianratio is significantly higherat NYC2 at p �
0.10. Although both NYC sitesarelocatedin Manhattan,
onewould expectthemto bedominatedby ver differentair

TableVU. Intersitecorrelationcoefficients.

Sites VOC N0~ VOC1N0~ 03

Atlantal—Atlanta2 0.51* 0.70* 0.23 0.94*
NNJ1—NNJ2 0.68* 0.71~ 0.07 0.85*
NYCI—NYC2 0.44 0.13 0.43 0.S4*

* Significantat p � 0.01.

masses.NYC1 is on theeastsideof Manhattanon aroofof a
school 23 m abovegroundlevel andis dominatedb’i ground
level emissionsfrom within Manhattan.NYC2, whichis on
theroof of the100-storyWorld TradeCentera few blocks
east of the Hudson River, is probably not affected by
emissionsin Manhattanundertheprevailingwesterlywind
conditions. Consequently,the air sampledat NYC2 is
probablydominatedby partially-agedemissionsfrom New
Jerseywhichwould be expectedto haveahigherV0C/N0~
ratio than fresh emissions.This hypothesisis consistent
with themeansandthemedianspresentedin TablesII and
III, andthe poorcorrelationsbetweenN0~,VOC. andthe
ratio (Table VII). Only the intersite correlationfor 03 is
significant,underscoringthe regionalnatureofthis species.

Discussion

The overallmedian ratio was lessthan 10 at all of the
urbansitesexcept theWorld Trade Centersite. (Because
theWorld Trade Centeris the exceptionto many of the
generalizationsmadein this discussion—forreasonspre-
sentedin previoussectio;s—nofarther referencesto this
sitewill bemade.)PreviousEPA guidancewould havemade
all of theareascandidatesfor VOC-onlycontrol strategies.
Whenthemedianratiosfor the upper-quartil dasare
consideredinstead,themedianratio at two of thesites,St.
LouisandNYC1. exceeds10. PreviousEPA guidancewould
havemadetheseareascandidatesfor acombinedV0C~N0x
reductionstrategy.However, recentNew York State and
EPA modeling results using the Urban Airshed Model
(UAM)°andtheRegionalOxidantModel (RUM)22 respec-
tively, strongly suggestthat New York City is a clear-cut
casewhereNQ~reductionswould becounterproductive.In
addition, Atlanta—acity where the evidenceappearsto
support that N0~reductions wtll reduce03 becauseof a
large contribution from biogenic VOUs—hasa ratio less
than 10. I3aseduponthis conflictingevidence,we conclude
that decisionsregardingthebenefitsofN0~reductionsin a
givenareacannot be madebasedon V0C/N0~ratiodata
alone. Moreover,onecannottell from theratio therelative
importanceof biogenicversus anthropogenicVOC emis-
sions.For example,if the ratio falls in thekneeregion(see
Figure 1), but theVUCs aredominatedby biogenicemis-
sions, a VOC reduétionstrategymay not be sufficientby
itself to achievetherequired0,~reductions.

At Bofthe 10 sites,themedianratio increasedslightly in
th~üppë9iThrteofU3da~sandwaslessthanorequalto 2
ratio units higherthanthe overall median.Sincehigh 03
daysareassociatedwith high temperatures,this difference
couldbearesultofhigherevaporativeemissions.Neverthe-
less,this relativelysmalldifferenceindicatesthat theuseof
either the median or the upper quartile ratio will not
significantly change the resulting control strategy if an
EKMA analysisis employed.However,this smalldifference
is somewhatmisleading becauseit implies a relatively
constantratio for a givenarea. In contrast,the relatively
large standarddeviation and rangefor the ratio at any
givensite implies that thereis alargeday-to-dayvariation
in the ratio. This is further supportedby the lack of any
relationshipbetweenthe ratiosat differentsiteswithin the
samearea.Given this spatialand temporalvariability, we
concludethat theoverall median ratio from a single site
shouldnot beusedto makecontrol-strategydecisions.

In addition,statistical analysisfailed to identify signifi-
cantrelationshipsbetweenthe 6 a.m. to 9 a.xn.VOC/NO~
ratio andthemaximum1-hr. 03 within agivenarea.Since
we know from smogchamberand modeling studiesthat
such a relationship exists, this further invalidates the
assumptionthat a ratio measuredat a single site is
representativeoftheratio for theentireregion.

In summary,theseresultsindicatethathavingthe6 a.m.
to 9 am. ambientV0C/N0~ratio for a given area is
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insufficient information, by itself, to decide whether a
VOC-alone,a NO,-alone,or a combinedVOC-N0.~reduc-
tion strategyis aviableoroptimumstrategy.Furthermore,
what may be the optimum strategyfor a downwindarea,
maynot be the optimum strategyfor theurbanarea.The
recentNRC report23 emphasizesthat O~concentrations
can increasein theneaF~eldin thepopulationcenters in
responseto iTQ~controls. But decreasein the far fleld.
Consequently,we strongly recommendthat a state-of-the-
art photochemicalgrid modelbeempioyedto determinethe
optimumcontrol strategyfor agivenarea.Decisionsregard-
ing the adoption of NO~<reductionstrategiesshould be
postponeduntil thestatesapplyaphotochemicalgrid model
for thepurposesof developingtheir StateImpiementation
Plan (SIP). ThestatescouldcomnareNO,-reductionmodel
runs to VOC-reductionmodelruns to determinetheopti-
mumcontrol strategy.This will delaythe implementation
of NO, reductionstrategiesin thoseareasthat prove to
needit by two years,but it will also preventother areas
from adopting counterproductiveNO, controls, and en-
suresthat the control strategiesarebasedon state-of-the-
art science.This recommendationis consistentwith the
findingspresentedin theNRC report.
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